response to IL-4 or IL-13. M1 macrophages also produce nitric oxide (NO), which causes tissue damage and inhibits pathogen replication. The arginase-I produced by M2 cells promotes cell healing and proliferation. M1 cells are linked to inflammation, arthritis, atherosclerosis and insulin resistance. M2 cells are associated with the physiological state for wound healing and tissue regeneration and are involved with tumours via immune suppression. 1, 2 Different signalling pathways direct macrophages variably to evolve into two polarized strains. M1 cells are induced by GM-CSF, TNF-α, LPS, high mobility group box 1 (HMGB1) and IFN-γ, and M1 polarization involves the intracellular activation of STAT1 and/or NF-κB. M2 cells are promoted by M-CSF, IL-4, IL-10 and IL-13. Its development is generally associated with STAT5 and/or STAT3 activation. 3, 4 Moreover, some microRNAs regulate macrophage polarization. The high expression levels of proinflammatory miR-155, miR-125b and miR-487b favour M1 macrophages, whereas the high expression levels of anti-inflammatory miR-124, miR-142-5p, miR-146a and miR-511 promote M2 macrophages. 5 The miR-15a/16 gene is located in the intron of the DLEU2 gene in the human 13q14 region and generally mediates tumour-suppressive functions. 6, 7 The miR-15a/16
knockout (KO) mice show 50% of B cell leukaemia at the age of 1 year. 8 The targets of miR-15a/16 in tumour cells include BCL-2, MCL1, CCND1 and WNT3A. 6, 7 MiR-15a/ 16 also targets IKKα, 9 NF-κB, 10 toll-like receptor 4 (TLR4), 11 IL-1 receptor-associated kinase 1 (IRAK-1) 12 and programmed cell death 4 (PDCD4) 13 in LPS-stimulated cells. MiR-16 precursors can target TNF-α and IL-12p40 in experimental colitic mice. 14 To confirm whether the deficiency of the miR-15a/16 gene cluster affects macrophage polarization under tumour or inflammation microenvironments, we analysed the distributions of M1 and M2 cells in transplanted tumours or inflamed colons induced by dextran sulphate sodium (DSS) in miR-15a/16 −/− mice (~8 weeks old).
The young mice were used to avoid endogenous imbalance of macrophages. We also showed that NF-κB and STAT3 were involved with M1 polarization in miR-15a/ 16 −/− mice under tumour or inflammation pathologic conditions. 
| MATERIALS AND METHODS

| Reagents and cell lines
| DSS-induced mouse colitis
MiR-15a/16 −/− and WT mice (n = 5) aged 8 weeks were fed with 2.5% DSS for 1 week. The weights and faeces of all mice were observed daily. Disease activity scores were then determined as previously described. 16 On day 7, all mice were sacrificed, and their colons were collected. After colonic mononuclear cells were isolated, the colonic macrophages were examined by flow cytometry and histology. 16 
| Western blot analysis
Splenic mononuclear cells from miR-15a/16 −/− and WT mice were stained with the F4/80 magnetic antibody and sorted out. Then, cell proteins were extracted using lysis buffer (KeyGen, Nanjing, China). The proteins were separated on SDS-PAGE gels and transferred onto polyvinylidene difluoride membranes. These proteins were stained sequentially with first and secondary antibodies. The blotting signal was read using an ECL kit (KeyGen) and analysed with the Gel-Pro32 software. 
| Real-time PCR
NF-κB (F)-AGCATCCCTCAGCACCATCAA CTT, NF-κB (R)-AGCGTGCCTTCCCCAGCCT; SOCS3 (F)-GCGAGG CGAACC TGCTGCTCA, SOCS3 (R)-CGGGGAACTGG CTGCGTGCTT; TNF-α (F)-GAACTGGCAGAAGAGGC ACT, TNF-α (R)-CTCCGCAAAGTCTAAG; and GAPDH (F)-CAAAATGGTGAAGGTCGGTGTG, GAPDH (R)-TG ATGTTAGTGGGGTC TCGCTC.
| Statistical analysis
Differences between the two groups were analysed using Student's t test. Significant differences were indicated when * P < 0.05, ** P < 0.01 and *** P < 0.001.
| RESULTS
| Increased M1 macrophages in tumourbearing miR-15a/16 −/− mice
MiR-15a/16 −/− mice (more than 15 months old) develop B cell leukaemia with about 50% probability. 8 No significant differences in M1 and M2 cells existed in spleen and peritoneal macrophages between the physiological KO and WT mice ( Figure S1 ). We transplanted H22 cells subcutaneously at the dorsal sides of the KO and WT mice at 8 weeks of age. Unexpectedly, the tumour growth in KO mice was significantly suppressed relative to that in WT mice ( Figure 1A cells infiltrated the tumours from KO mice, whereas no change in CD206 + (M2) cells was noted ( Figure 1E ).
Thus, suppressing tumour growth in young miR-15a/16
−/− mice may be associated with increased M1 macrophage numbers.
| Increased number of M1 macrophages in miR-15a/16 −/− mice treated with DSS
We compared the colitis severity of 8-week-old KO and WT mice treated with DSS. Compared with WT mice, KO mice exhibited faster weight loss and higher disease-associated index (DAI) (Figure 2A,B) . Moreover, the colon length was also shorter in KO mice than in WT mice (Figure 2C) Figure 2E) . Similarly, the M1 cell frequency was increased in ascitic fluid of DSS-treated KO mice ( Figure S2 D) . Therefore, the M1 cell frequency was increased in the young miR15a/16 −/− mice treated with DSS.
| NF-κB and STAT3 activation in M1 macrophages of miR-15a/16 −/− mice
The NF-κB and STAT3 signalling molecules are involved in macrophage polarization. The expression levels of NF-κB p65 and its activated form pp65 were both higher in the macrophages of KO mice than of WT mice under physiological state and after LPS or HMGB1 treatment ( Figure 3A,C) . No significant differences in STAT3, STAT3-pY705 and STAT3-pS727 of physiological macrophages were noted between the KO and WT mice. However, the STAT3 and STAT3-pY705 levels in the macrophages significantly increased after LPS or HMGB1 stimulation, whereas STAT3-pS727 showed no changes ( Figure 3B,D) . Simultaneously, SOCS3 had similar expression levels in the macrophages of the KO and WT mice under physiological state. After LPS or HMGB1 treatment, the expression of SOCS3 was significantly increased in the macrophages of the KO mice ( Figure 3B , D). High levels of iNOS ( Figure 3E ) and TNF-α (Figure 3F ) produced by macrophages of KO mice after LPS stimulation were also observed, which confirmed M1 polarization in KO mice.
| NF-κB and STAT3 transcription in M1
macrophages of miR-15a/16 −/− mice MiR-15b/16 could reduce SOCS3 levels in hyperglycaemia. 17 Through sequence alignment, miR-16 was confirmed to directly bind with two sites (567-591 and 1131-1156) of the 3′-untranslated region (UTR) of SOCS3 ( Figure 4A ). MiR-16 directly binds to the 3′-UTR of NF-κB. 10 Our group identified miR-16 to be weakly bound to the 3′-UTR of STAT3 (unpublished data). The transcription levels of NF-κB, STAT3 and SOCS3 in the M1 macrophages were also analysed. Only the mRNA levels of NF-κB and SOCS3 were increased in the KO mice-derived macrophages ( Figure 4B ) under the physiological state. After LPS stimulation, the transcription levels of NF-κB, STAT3 and SOCS3 in the macrophages of KO mice exceeded those of WT mice ( Figure 4C ). Furthermore, SOCS3 expression was almost blocked when a STAT3 inhibitor (Stattic) was used to treat LPS-stimulated macrophages ( Figure 4D ), indicating that the increased SOCS3 expression was a concomitant result of STAT3 phosphorylation. Thus, NF-κB and STAT3 were associated with M1 macrophage polarization in the young miR-15a/16 −/− mice for tumour suppression and inflammatory participation.
| DISCUSSION
Herein, we demonstrated that the young miR-15a/16
−/− mice (~8 weeks old) were sensitive to producing M1 macrophages under tumour grafting or DSS-induced colitis. These M1 macrophages are associated with tumour + , iNOS + and CD206 + cells in tumour tissues (100 × ). Photographs were magnified by 100-fold. Each experiment was repeated at least three times. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, no significance inhibition or local inflammation in the intestine. M1 macrophage polarization is involved in the activation of NF-κB and STAT3 signalling pathways. The results demonstrated that miR-15a/16 deletion in macrophages can affect macrophage polarization and suggested that detecting miR-15a/16 expression levels in tumour-infiltrated macrophages can serve a prognostic role in tumour patients. MiR-15a/16 has been verified to be involved with macrophage differentiation and function. When human monocytes differentiate into macrophages, the miR-16 expression is downregulated. 9, 18 MiR-15a/16 deletion in myeloid cells not only decreases the bacterial infectionassociated mortality in sepsis mouse models but also facilitates TLR4-mediated proinflammatory cytokine/chemokine release from bone marrow-derived macrophages at the initial phase of infections. 11 Likewise, the ectopic expression of miR-15a/16 downregulates the transcription levels of TLR4 and IRAK-1 in LPS-treated cells. 12 The forced expression of miR-16 in macrophages impairs the production of TNF-α, IL-6 and IFN-β. This occurrence leads to suppresses the activation of inflammatory macrophages in atherosclerosis by targeting PDCD4. 13 MiR-16 upregulation in colonic macrophages significantly reduces TNF-α and IL-12p40 expression levels. 14 Decreased miR-15a and miR-16 levels lead to increased serine-threonine kinase IKKα expression, which promotes human monocyte- (E) Distributions of macrophages and M1 and M2 cells in the spleens of two groups of mice. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, no significance MiR-16 overexpression is also involved in promoting M1 macrophages. MiR-16 can negatively regulate the expression of the adenosine A2a receptor (A2aAR), which inhibits the NF-κB signalling pathway in inflammation. 22 Thus, the transfection of miR-16 mimics promotes nuclear translocation of NF-κB p65 protein and expression levels of proinflammatory cytokines IFN-γ and IL-8 in colonic epithelial cells. 23 Moreover, miR-16 promotes the NF-κB-regulated transactivation of the IL-8 gene by suppressing the silencing mediator for retinoid and thyroid hormone receptor. 23 Murine peritoneal M1 macrophages can be induced by transfecting miR-16 mimics. 24 We further confirmed that miR-15a/ regulates macrophage reprogramming by shifting the balance between active p65-p50 and inhibitory p50-p50 NF-κB pathways. 26 The STAT3-alone activation is generally involved in M2 polarization, particularly in tumour microenvironments. 27 However, the synergistic reaction of NF-κB and STAT3 is involved with M1 polarization. In lcn2 −/− 28 and sirt6 −/− 29 mice, LPS stimulation elicits the NF-κB and STAT3 activation for M1 polarization. SOCS3 can be induced by STAT3 activation. 30 Here, the STAT3 inhibitor (Stattic) could almost block SOCS3 expression in LPS-stimulated macrophages, confirming that STAT3 activation promoted SOCS3 expression. Thus, the expression of SOCS3 in miR15a/16 −/− mice increased, which did not have significance on macrophage polarization. Herein, STAT3 levels were increased in miR-15a/16 −/− macrophages after LPS stimulation and HMGB1 treatment, but the molecular mechanisms of STAT3 upregulation require further studies.
In conclusion, miR-15a/16 not only functions as a tumour-suppressive gene, but its deletion in macrophages is also associated with M1 polarization upon tumour grafting or inflammation. The M1 macrophages deficient in miR15a/16 contribute to tumour suppression and DSS-induced colitis. Our study indicates that miR-15a/16 may mediate distinct functions in different cells. . *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, no significance
